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Abstract
In the August 16th issue of Science Translational Medicine, Phallen et al
propose a method for early cancer diagnosis by using circulating tumor DNA
(1). One major advance of this paper includes optimized sequencing of
cell-free/circulating tumor DNA (ctDNA) without knowledge of tumor mutations.
Evaluation of 200 patients with colorectal, breast, lung and ovarian cancer
revealed mutations in ctDNA in approx. 60-70% of all patients, including stage
1 and stage 2 disease. If this data can be reproduced in asymptomatic
individuals, they will likely have a major impact on early cancer detection and
patient outcomes. In this commentary, we examine the feasibility of this
approach for detecting small, asymptomatic tumors, based on previously
published empirical data.
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Correspondence
Phallen et al. recently proposed a method for early cancer diagnosis 
by using circulating tumor DNA1. One major advance of this paper 
includes optimized sequencing of cell-free/circulating tumor DNA 
(ctDNA) without knowledge of tumor mutations. Evaluation of  
200 patients with colorectal, breast, lung and ovarian cancer 
revealed mutations in ctDNA in approximately 60–70% of all 
patients, including stage 1 and stage 2 disease. If this data can 
be reproduced in asymptomatic individuals, they will likely have 
a major impact on early cancer detection and patient outcomes. 
In this correspondence, we examine if this approach is effective 
in detecting small, asymptomatic tumors, based on previously  
published empirical data.

An important question is the desirable size of a tumor to be detected 
with such methods. For this discussion, we will use data mostly from 
breast cancer, for which there is ample experience from screening 
programs. Some organizations set a tumor diameter of 1 mm as 
the goal of early detection2 since tumors of this size are localized, 
less complex and likely to be cured by radical resection. The litera-
ture suggests that the chances of progression of these small, 1 mm  
diameter tumors, is less than 1%3. However, such small tumors 
could be found in many asymptomatic individuals and this may 
lead to over-diagnosis and over-treatment3. Consequently, we also 
include larger tumors in this discussion. It could be argued that  
5 mm in diameter is an optimal tumor size for early and curable 
cancer detection. At 5 mm diameter, the chances of this tumor  
progressing are small (around 6%)3, and currently, these small 
lesions are only detectable by mammography (or other imaging 
modalities) in only 26% of cases4. We also suggest that detec-
tion of a 10 mm diameter tumor may not be an advance in breast  
cancer screening, since at this size, the chances of progression 
increase considerably (to about 50%), and most of these tumors  
(> 90%), are currently detected by mammographic screening.

We further assume that the circulating free DNA concentration  
(cfDNA) in individuals without cancer, or very small cancers 
(ctDNA), is about 5 ng/mL on average5, which is equivalent to about 
6,000 whole haploid genomes per 4 mL of plasma (10 mL blood 
draw). For this discussion we also use well-established measure-
ments of tumor volume and cellularity. A tumor of approximately 
12.5 mm in diameter, weights approx. 1 gram, has a volume of  
1 cm3 and contains approx. 100 million to 1 billion cells6.  
According to recent estimates of ctDNA and tumor volume, a  
10 gram tumor has a volume of 10 cm37. For such tumors, the  
average percent fraction of mutant DNA has been reported to be 
0.1 %, or 1 mutant DNA molecule per 1,000 non-mutated DNA 
molecules in the circulation7.

Based on these published assumptions, we constructed Table 1.

Table 1 shows the minimum tumor measurements required for  
4 mL of plasma to contain at least 1 mutated genome. The percent  
fraction of mutant DNA is approximately 1 in 10,000 (0.01%)  
which corresponds to a tumor volume of 1 cm3 or 12.5 mm in  
diameter (assuming a spherical nodule). Most, if not all, of these 
tumors are currently detectable by mammographic screening or 
other imaging modalities, which have an approximate limit of 
detection of about 4 mm diameter8. Table 1 also shows that when 
the tumor diameter drops below 10 mm, the chances of this method 
working are minimal, since there will be not enough tumor DNA 
(at least one copy) in 4 mL of plasma to make detection possible. 
Consequently, Table 1 predicts that 5 mm diameter tumors will 
not be detected due to this sampling error. These estimates are  
corroborated by the data presented by Phallen et al.1. They used 
tumors of varying sizes, stages and types, but universally, the 
mutant fraction of ctDNA is never less than 0.01%, the approximate 
threshold for 1 genome copy in 4 mL of plasma. We do not know 
if the patients included in the study have been preselected to have a 

Table 1. Tumor measurements and chances of progression or detection by mammographic screening 
(assuming spherical tumor).

Tumor 
diameter, 
mm

Tumor 
weight, 
mg

Tumor 
Volume, 
mL(cm3)

Number of 
cells

%Fraction of 
mutant DNA

Number of 
genomes 
per 10 mL 
blood/4 mL 
plasma

Chance of 
progression3 

Mammographic 
screen 
sensitivity4 

27 10,000 101 1,000,000,000 1:1,000 6

12.5 1,000 12 100,000,000 1:10,000 0.6

10 500 0.5 50,000,000 1:20,000 0.3 50% 91%

6 125 0.12 12,000,000 1:80,000 <0.1

5 62 0.06 6,000,000 1:160,000 <0.1 6% 26%

3 16 0.015 1,000,000 1:640,000 <0.1

2 4 0.0035 400,000 1:2,600,000 <0.1

1.1 1 0.0008 100,000 1:10,000,000 <0.1 0.05%

1. As reported in Ref 7; bold font indicates experimental data. Other data were calculated by extrapolation
2. As reported in Ref 6
3. As reported in Ref 3
4. As reported in Ref. 4
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specific cut-off of percent mutant DNA in the circulation. If this is 
the case, the data will be biased towards detection of tumors which 
are rather large (> 10 mm in diameter and have a mutant fraction  
of > 0.01%). In fact, >95% of their cases have mutant fraction  
> 0.1% (Figure 5 from Phallen et al.1 which suggests tumor sizes of 
> 27 mm (Table 1). We anticipate that in a real case scenario, small 
and asymptomatic tumors will likely yield percent mutant DNA 
fraction of much less than 0.1%, thus making detection of these 
tumors highly unlikely, due to sampling error.

The sensitivity of the method proposed by Phallen et al. is further  
compromised by the number of genes tested for mutations  
(currently 58 genes). The predicted maximum sensitivity is about 
80%, assuming best case scenario of 1 mutation detected to signify 
cancer. If we assume that the overall positivity of this test is 50%, 
then, the overall sensitivity will likely be less than 40%. This would 
make screening of asymptomatic individuals less efficient, since 
the majority of patients will receive incorrect screening results  
(false negatives) due to either lack of the targeted mutations or  
sampling error.

The specificity of this method is claimed to be very high due  
to detection of only driver mutations. However, as shown in  
Phallen et al.’s Supplementary Figure S31, the gene with the highest  
sensitivity for cancer detection of all of the 4 cancer types is  
p53. However, there are multiple reports demonstrating mutations 
of p53 in apparently healthy individuals, ranging from 0.2% to 
11%8–11. If we assume an overall specificity of 99% and an overall  
sensitivity of 40% with this test, and a prevalence of cancer 
around 1%, then in 1,000 screened individuals, there will be 4 true  
positive, 6 false negative, 10 false positive and 992 true negative 
results. The positive predictive value (PPV) will be only 29%. At 
98% specificity, the PPV further drops to 20%. Not only would 
more than half the patients will receive incorrect (false negative) 
results but about 72–80% of tested positive patients would need 
to undergo additional diagnostic procedures to rule-in or rule-
out cancer. Additional specificity concerns may include technical  
noise and somatic mutations stemming from other biological  phe-
nomena. Also, in this paper, no matched DNA was employed to 

differentiate somatic from germline mutations, another important 
limitation12.

Our analysis shows that measurement of ctDNA for early cancer 
diagnosis is problematic, not only due to the limited capability of 
deep whole genome sequencing to reveal mutations, but because 
the amount of circulating tumor DNA retrieved from a 10mL blood 
draw will be extremely small, or even nonexistent, thus making  
efficient diagnosis of cancer unlikely. Our analyses generally  
show that when the tumor diameter drops below 10 mm, not a 
single mutant DNA copy will be retrieved. We do not exclude the  
possibility of future additional technical improvements, so that 
mutant DNA could somehow be extracted from the whole circulation  
and subjected to such deep sequencing, to increase sensitivity,  
provided that the specificity of the test would be preserved to  
close to 100%. Otherwise, under a screening scenario, these methods  
are unlikely to work. Our analyses also show that a 1 mm tumor 
is likely associated with 1 copy of ctDNA in the entire circula-
tion, further underlining the difficulty in detection. The possibility 
exists that early cancer detection may be possible in specific clinical  
contexts or specific tumor types using this method. Also, it may 
be possible to combine protein and molecular markers to increase 
sensitivity, as shown already for pancreatic cancer13.

We hope that our analyses will help to further understand the  
opportunities and limitations of ctDNA as a cancer biomarker, 
especially for early cancer detection.

Competing interests
No competing interests were disclosed.

Grant information
This work was funded by a grant to EPD from the Canadian Cancer 
Society (Grant #703873).

The funders had no role in study design, data collection and  
analysis, decision to publish, or preparation of the manuscript. 

References

1.	 Phallen J, Sausen M, Adleff V, et al.: Direct detection of early-stage cancers 
using circulating tumor DNA. Sci Transl Med. 2017; 9(403): pii: eaan2415. 
PubMed Abstract | Publisher Full Text 

2.	 Garber K: Ontario institute offers new model of cancer research. J Natl Cancer 
Inst. 2008; 100(14): 980–982.  
PubMed Abstract | Publisher Full Text 

3.	 Countercurrents Series, Narod SA: Disappearing breast cancers. Curr Oncol. 
2012; 19(2): 59–60.  
PubMed Abstract | Publisher Full Text | Free Full Text 

4.	 Weedon-Fekjaer H, Lindqvist BH, Vatten LJ, et al.: Breast cancer tumor growth 
estimated through mammography screening data. Breast Cancer Res. 2008; 
10(3): R41.  
PubMed Abstract | Publisher Full Text | Free Full Text 

5.	 Wan JCM, Massie C, Garcia-Corbacho J, et al.: Liquid biopsies come of age: 
towards implementation of circulating tumour DNA. Nat Rev Cancer. 2017; 

17(4): 223–238.  
PubMed Abstract | Publisher Full Text 

6.	 Del Monte U: Does the cell number 109 still really fit one gram of tumor tissue? 
Cell Cycle. 2009; 8(3): 505–506.  
PubMed Abstract | Publisher Full Text 

7.	 Abbosh C, Birkbak NJ, Wilson GA, et al.: Phylogenetic ctDNA analysis depicts 
early-stage lung cancer evolution. Nature. 2017; 545(7655): 446–451.  
PubMed Abstract | Publisher Full Text 

8.	 Schwaederle M, Husain H, Fanta PT, et al.: Detection rate of actionable mutations 
in diverse cancers using a biopsy-free (blood) circulating tumor cell DNA 
assay. Oncotarget. 2016; 7(9): 9707–9717.  
PubMed Abstract | Publisher Full Text | Free Full Text 

9.	 Gormally E, Vineis P, Matullo G, et al.: TP53 and KRAS2 mutations in plasma 
DNA of healthy subjects and subsequent cancer occurrence: a prospective 
study. Cancer Res. 2006; 66(13): 6871–6876.  
PubMed Abstract | Publisher Full Text 

Page 3 of 7

F1000Research 2017, 6:2129 Last updated: 04 JAN 2018

http://www.ncbi.nlm.nih.gov/pubmed/28814544
http://dx.doi.org/10.1126/scitranslmed.aan2415
http://www.ncbi.nlm.nih.gov/pubmed/18612122
http://dx.doi.org/10.1093/jnci/djn249
http://www.ncbi.nlm.nih.gov/pubmed/22514490
http://dx.doi.org/10.3747/co.19.1037
http://www.ncbi.nlm.nih.gov/pmc/articles/3320224
http://www.ncbi.nlm.nih.gov/pubmed/18466608
http://dx.doi.org/10.1186/bcr2092
http://www.ncbi.nlm.nih.gov/pmc/articles/2481488
http://www.ncbi.nlm.nih.gov/pubmed/28233803
http://dx.doi.org/10.1038/nrc.2017.7
http://www.ncbi.nlm.nih.gov/pubmed/19176997
http://dx.doi.org/10.4161/cc.8.3.7608
http://www.ncbi.nlm.nih.gov/pubmed/28445469
http://dx.doi.org/10.1038/nature22364
http://www.ncbi.nlm.nih.gov/pubmed/26848768
http://dx.doi.org/10.18632/oncotarget.7110
http://www.ncbi.nlm.nih.gov/pmc/articles/4891078
http://www.ncbi.nlm.nih.gov/pubmed/16818665
http://dx.doi.org/10.1158/0008-5472.CAN-05-4556


10.	 Fernandez-Cuesta L, Perdomo S, Avogbe PH, et al.: Identification of Circulating 
Tumor DNA for the Early Detection of Small-cell Lung Cancer. EBioMedicine. 
2016; 10: 117–123.  
PubMed Abstract | Publisher Full Text | Free Full Text 

11.	 Newman AM, Lovejoy AF, Klass DM, et al.: Integrated digital error suppression 
for improved detection of circulating tumor DNA. Nat Biotechnol. 2016; 34(5): 
547–555.  
PubMed Abstract | Publisher Full Text | Free Full Text 

12.	 Jones S, Anagnostou V, Lytle K, et al.: Personalized genomic analyses for 
cancer mutation discovery and interpretation. Sci Transl Med. 2015; 7(283): 
283ra53.  
PubMed Abstract | Publisher Full Text | Free Full Text 

13.	 Cohen JD, Javed AA, Thoburn C, et al.: Combined circulating tumor DNA and 
protein biomarker-based liquid biopsy for the earlier detection of pancreatic 
cancers. Proc Natl Acad Sci U S A. 2017; 114(38): 10202–10207.  
PubMed Abstract | Publisher Full Text | Free Full Text 

Page 4 of 7

F1000Research 2017, 6:2129 Last updated: 04 JAN 2018

http://www.ncbi.nlm.nih.gov/pubmed/27377626
http://dx.doi.org/10.1016/j.ebiom.2016.06.032
http://www.ncbi.nlm.nih.gov/pmc/articles/5036515
http://www.ncbi.nlm.nih.gov/pubmed/27018799
http://dx.doi.org/10.1038/nbt.3520
http://www.ncbi.nlm.nih.gov/pmc/articles/4907374
http://www.ncbi.nlm.nih.gov/pubmed/25877891
http://dx.doi.org/10.1126/scitranslmed.aaa7161
http://www.ncbi.nlm.nih.gov/pmc/articles/4442685
http://www.ncbi.nlm.nih.gov/pubmed/28874546
http://dx.doi.org/10.1073/pnas.1704961114
http://www.ncbi.nlm.nih.gov/pmc/articles/5617273


 

Open Peer Review

  Current Referee Status:

Version 1

 04 January 2018Referee Report

doi:10.5256/f1000research.14593.r29016

 Catherine Alix-Panabières
Laboratory of Rare Circulating Human Cells (LCCRH), Department of Pathology and Onco-Biology,
University Medical Center of Montpellier, Montpellier, France

This commentary, very well written by the expert Eleftherios P Diamandis and his colleague Clare Fiala, is
based on the last article of Phallen   who described a method for early cancer diagnosis by usinget al.
circulating tumor DNA (ctDNA) sequenced without knowledge of tumor mutations.

In this commentary, the authors examined step by step the feasibility of this approach for detecting small,
asymptomatic tumors, based on previously published empirical data. They nicely showed that
measurement of ctDNA for early cancer diagnosis is problematic, not only due to the limited capability of
deep whole genome sequencing to reveal mutations, but because the amount of circulating tumor DNA
retrieved from a 10mL blood draw will be extremely small, or even nonexistent, thus making efficient
diagnosis of cancer unlikely.

This commentary, very well documented, is important in the liquid biopsy field and needs to be indexed to
understand the current opportunities and limitations of ctDNA as a biomarker for early detection of cancer.
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This paper is a commentary on a study by Phallen  . who developed and applied advanced DNAet al
analysis techniques for circulating tumor DNA from patients with untreated breast, colorectal and ovarian
cancer. They were able to detect cancer in about 60-70% of patients with Stage I or Stage II disease.
Diamandis and Fiala’s Commentary examines the feasibility of applying these techniques to small tumors
that are not reliably detectable by other means. They extrapolate original data from Phallen  ., makinget al
the assumption that the number of tumor-derived genomes in the circulation is proportional to tumor
volume. Diamandis and Fiala reasonably conclude that tumors smaller than about 10mm in diameter
result in less than one tumor-derived genome per 10ml blood draw and are therefore, in principle,
undetectable in practice. This logic is probably conservatively based because small, low grade tumors are
likely to produce proportionally less ctDNA than high grade tumors. This Commentary is a useful
contribution to the literature.
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